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Abstrat. The struture of
17







C target at 231 MeV inident energy, the reation Q-value is Q
0
= -46.930 MeV. Eleven new states up





-38.787 MeV), and exited states in
15
C up to 19 MeV were observed. In
17
















C reveals a strong similarity of their properties. This onerns espeially nine states in
eah of the three arbon isotopes, whih show pratially the same exitation energies exept a onstant
mean shift of +5.82 MeV for
16
C and +6.65 MeV for
15
C with respet to
17
C. The triples of states from
the three isotopes, whih orrespond to eah other, have also similar widths and ross setion ratios. It is
onluded that the same (sd)
3
strutures are populated in the three arbon isotopes. The observed levels
of
17
C are also ompared to the levels of
19
O with known assignments and to shell-model alulations, and
their deay properties are disussed.
PACS. 2 1.10.Hw, 21.10.P, 25.70.Hi, 27.20.+n
1 Introdution
The ground state properties of neutron-rih arbon iso-
topes (A15) have been investigated by many authors
in radioative-beam experiments using single-neutron re-
moval reations in order to obtain information about the
halo struture from the momentum distributions (see e.g.
refs. [1{5℄). Spin-parities of the ground states have been
obtained using the dependene of the momentum distri-
butions and removal ross setions on the single-partile
bound state properties of the removed neutron. This me-
thod has been further rened by measuring, after neutron
removal, also partial ross setions and branhing ratios of
-transitions in the residual nuleus in oinidene [6,7℄.
Corresponding theoretial investigations of ground state
properties have been performed by Ridikas et al. [8℄, Sa-
gawa, Suzuki and Hagino [9,10℄, and Desouvemont [11℄
(see also refs. therein). Most of the interpretations of the
single-neutron removal data, i.e. refs. [6,7℄, are based on
Correspondene to: bohlenhmi.de
neutron wave funtions from shell model (SM) alula-
tions with interations from Warburton and Brown [12℄
or from Millener-Kurath [13℄.
For
17
C the mass exess and a single partile-stable
exited state at 295 10 keV have been measured in 1977
by Nolen et al. [14℄ and later also by Field et al. [15℄ us-








Ti reation. But in
this reation only exited states below the neutron thre-
shold of
17
C at 0.729 MeV an be observed. These authors
expeted from systemati trends for the spin-parity of the







ause the orresponding lowest-lying states were estimated
to be almost degenerate in
17
C [14℄. A unique assignment
of the ground state ould be ahieved later by exlusion of
two of the three values: On the one hand Warburton and










assignment "is highly disfavoured independent of
any model", and this assignment should be exluded. A
deision in favour of one of the remaining options ould
not be made from this analysis, although a preferene for




strutures in heavy arbon isotopes
3/2
+
was found from the value of the half-life (experimen-
tal value: 20230 ms [18℄). On the other hand, g-fator
measurements for the
17
C ground state by H. Ogawa et
al. [19℄ exluded denitely the assignment 1/2
+
, beause
the measured g-fator is almost six times smaller than the
value predited for 1/2
+
by reliable theoretial alula-




assignments (both values are almost equal). Sine 5/2
+
is
exluded by the analysis of the 
 
deay data and 3/2
+
agrees well in all ases, only the latter value remains for
the spin-parity of the ground state. This assignment is also
found as the optimum value in most of the analyses of the
single-neutron removal measurements [4,6,7℄.
Reently Stanoiu et al. [20℄ identied in the in-beam
-spetrosopy of
17
C two -lines at 207(15) keV and
329(5) keV. These results have been onrmed by Elekes





C')p. They showed that these
-lines are unorrelated and belong to transitions from
two dierent exited states to the ground state, the -
transition from the 0.33 MeV state being muh stronger.























be understood with these assignments onsistently. In this
reation the largest ross setion is expeted for the 5/2
+
state, in good agreement with the observations. The ross
setion for the ground state (3/2
+
) is muh weaker, and
a state at about 0.2 MeV (1/2
+
) was not observed, the
ross setion for the 1/2
+
state is obviously too small.
Above the neutron threshold (0.729 MeV) three states
of
17
C ould be observed in the -deay of
17
B using  
neutron oinidenes and the neutron time-of-ight [22℄.
Their exitation energies are 3.82(5) MeV, 2.64(2) MeV
and (2.25(2)) MeV, the latter value was given only ten-
tatively (another weak struture at 1.18 MeV exitation
energy is most probably part of the bakground, when a
more realisti shape is used for the bakground). Aord-
ing to the measured logft-values these states are assumed
to have odd parity, but assignments have not been made
by the authors. SM-alulations for these states are dis-
ussed at the end of set. 4.2.
It is expeted, that most levels in the low exitation
energy range have a three-neutron (sd)
3
onguration ou-
pled to the ore of the
14
C ground state with a losed
neutron (1p) shell. These strutures are haraterized as
neutron 3-partile - 0-hole (3p-0h) states with even parity.
A diret three-neutron transfer on
14
C an easily populate
these ongurations.
Neutron (1p-1h) exitations of the
14
C ore will lead
to neutron (4p-1h) odd-parity states in
17
C, but these an




Strutures with ore exitations may be also disussed
in
16
C for omparison. The states of
16
C have been stud-
ied by Balamuth et al. [23℄, Fortune et al. [24,25℄ and




C. In this ase ore exitations of the
14
C ore
lead to (3p-1h) odd parity states. No suh states ould be
identied in this reation up to 5 MeV, only at 6.11 MeV







an odd parity, was found. However, odd parity states were
denitely identied in
16







C) reation [27℄. The (3p-
1h) ongurations are populated, beause the
13
C target
nuleus serves as a ore with a built-in neutron 1p1/2-hole.
These strutures were identied up to 10.4 MeV, and they
are expeted to extend also to higher exitation energies.
In
17
C the exitation of protons may ontribute to





C is loated at 7.01 MeV, whih has a domi-
nant proton onguration. Apart from suh proton exited
ongurations there should be a strong similarity between




O onerning the (sd)
3
neu-
tron strutures. For the understanding and desription of
these states it is important to treat all three neutrons out-





valene partiles. Two of the three neutrons may ouple
not only to 0
+
(giving rise to the single-neutron ongu-









are possible, whih inreases the number
of spin ouplings and ongurations tremendously. Strong





C) three-neutron transfer reation, whih
we have used to investigate the level struture of
17
C, has
a very large negative Q-value, Q
0
=  46.93 MeV, and re-
quires therefore relatively high inident energies. In this
ase both, the high projetile veloity and the large neg-
ative Q-value will lead to a suppression of higher order
ontributions with respet to the lowest order transitions.
In the following we will refer to the diret 3n-transfer as
the rst order proess. Signiant ontributions from se-
ond order proesses like target partile-hole exitations













been performed at the Q3D magneti spetrograph at ISL,
Hahn-Meitner-Institut Berlin. The
12
C beam of 231.3 MeV
inident energy was delivered by the isohron-ylotron at
ISL. The omposition of the
14
C target has been measured
using the ERDA method (Elasti Reoil Detetion Analy-
sis) to determine absolute layer thiknesses. The following

















; other onstituents (Z=11-30): 8 g/m
2
.
Contributions in the spetrum from the
16
O ontent were
negligibly small. The heavier onstituents gave rise to a
ontinuous bakground with a at shape, as will be shown
later. The signiant
12
C ontent of the
14
C target re-







reation on a separate
12
C target (thikness 200 g/m
2
)
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for bakground subtration. This reation has been mea-
sured at two dierent magneti eld settings (g. 1, upper
and entral panels) for a preise energy alibration of the
foal plane. A systemati error of ÆE
x
 0.04 MeV is





C spetra. The angular aeptane of the spe-
trograph was dened by the entrane slits for the range of







The foal plane detetor determines the position by the
delay-line read-out tehnique. The high linearity between
the momentum of the partile and the position in the fo-
al plane, whih is related to the onstant dispersion in
the foal plane [28℄, is well reprodued by the atual al-
ibration, as also in previous measurements (see e.g. [27,
29℄. An overall energy resolution of 220 keV was obtained
for the
12
C target, and 250 keV for the
14
C target due
to its larger thikness. The reation produts were iden-
tied using the energy-loss (E) of the partiles in the
gas-lled foal plane detetor, the energy signal (E) from
the sintillator behind it and the time-of-ight (ToF) of
the partiles through the spetrograph. The dependene
of the time-of-ight ToF() of the partile on the satter-
ing angle  was used to obtain the sattering angle 
Lab
.
Partial angular distributions have been measured in this
way for
15
C within the entrane aperture with an angular
resolution of 0.3
o
. This tehnique ould not be applied for
17





C ontent of the
14
C target was too
large. The measured orrelations between the momentum
and 
Lab
have been used to optimize the resolution by
performing kinematial orretions o-line. More details
about the experimental method are given in [29℄.
2.2 Resonanes, strethed ongurations
In the analysis of the experimental spetra the states above
the neutron thresholds (S
n

























































as independent variable and assu-
ming a deay to the ground state of the daughter nuleus.
If the deay leads to an exited state at E
x;f
in the nal
nuleus, the deay energy E
de
is redued by this amount












































dened by Coulomb funtions in the usual way [30℄. They
depend on the deay angular momentum `. A hannel ra-





) on the deay energy and `-value is for-
mulated in eq. (2) in a way, whih guarantees, that the







independent of the fat, whether the
maximum of the alulated distribution is observed at E
R
or not. This has been ahieved by a suitable hoie of the
boundary ondition B
`













in eq. (3). In this
formulation the extrated experimental values of the reso-
nane energy E
R
and the width  
R
are not dependent on
the assumed deay `-value, whih is espeially important
for broad resonanes not far from the threshold.
In this work the term strethed onguration is used at
dierent plaes to haraterize a speial type of oupling of
several angular momenta, e. g., SM-orbits of two or three
nuleons. This term denotes ongurations, where the an-
gular momenta of the ative nuleons in given SM-orbits
ouple to themaximum angular momentum allowed by the
Pauli priniple. For example, the strethed onguration
of three neutrons in a (1d5/2)
3
oupling has an angular
momentum of 9/2
+
. Strethed ongurations are usually
populated with the largest ross setions in heavy-ion in-
dued transfer reations, when the reation Q-value of the
onsidered two-body reation hannel is very large, either
positive or negative, and/or the height of the Coulomb
barrier hanges strongly. Then the grazing angular mo-





respetively, are very dierent. Optimum reation ondi-
tions to obtain large ross setions require in this ase
large angular momentum transfers `
tr
. Strethed ongu-





best way. These dynamial angular-momentum mathing
onditions and orresponding rules are disussed in detail
by Brink [31℄. We will ome bak to this point in set. 4.
2.3 Bakground






C. Besides the states of
15
C there appear in the high
exitation energy region broad distributions, whih orre-







in the exit hannel, from whih only
9
C is de-
teted. While the upper and lower panels of g. 1 show
only part of these distributions, they are observed in full
extention in the entral panel.
These three-body ontributions arise from the sequen-






















The deay strength distribution in
10




+ n is desribed by a Gaussian positioned at exita-
tion energies in
10





= 21.286 MeV. The orresponding parameters are xed by
the ondition that the result should t the shape of the ob-
served bakground in the spetra. In the atual ase the
position of the Gaussian is loated just 0.9 MeV above
the neutron threshold of
10
C and the width is 0.7 MeV
(FWHM). The very high-lying neutron threshold limits
strongly the deay into the neutron hannel, beause other
deay hannels (p-, 2p-, -,
3
He-emission) are open at
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Fig. 1. (Color online) Upper and entral panels: Spetra of











231 MeV and two dierent magneti eld settings (upper panel:
B = 0.9493 T, entral panel: B = 0.9153 T). Lower panel:
Spetrum of
15
C measured at a eld setting of 0.9551 T in
a previous experiment for the spetrosopy of
16
C [27℄ in a




. The exitation energy
sales are 120 keV/hannel for the upper and lower panels, and
180 keV/hannel for the entral panel. Numbers are exitation
energies in MeV.
muh lower exitation energies. Therefore the observed
three-body distributions with
9
C as deteted partile are
relatively weak.
Suh distributions exist in priniple in ombination





the 2n-transfer reation, but only the ombination with
the strongest states of
14
C are important in the anal-
ysis. These are the 3
 





onguration, and the 4
+
state at




onguration with respet to the
14
C ground state (see
g. 1, upper panel, of ref. [27℄, and ref. [32℄). The two re-
sulting three-body distributions an be seen in the entral
panel of g. 1, they rise at about 13 MeV and 17 MeV
exitation energy, respetively. For the spetra measured
at the higher eld settings the distribution in ombination
with the 10.74 MeV state did not fall into the momentum
aeptane of the foal plane.





















three-body distributions had to be alulated in ombina-


















There exist also higher-lying states with large ross se-
tions in the spetra of the reoil nulei, but the orrespon-
ding three-body distributions do not fall into the momen-





C, respetively. The three-body distributions alu-
lated in this way have been used to desribe the orres-





C (set. 3.2). More details about the method an















C reation was needed for bak-
ground subtration in the
17
C spetrum. This spetrum
and also the
15
C spetra measured for the energy ali-
bration and another one obtained in a previous measure-
ment [27℄ are analyzed in detail, espeially in the exi-
tation energy region above 6 MeV. The results from this





















C reation from the a-
tual measurement are shown in the upper and entral
panels of g. 1 for two dierent magneti eld settings.
The results of the analysis are given in table 1. This rea-
tion was measured already previously in the spetrosopi
study of
16
C [27℄ for alibration and bakground subtra-
tion purposes, and this spetrum is shown in the lower
panel of g. 1. The magneti eld setting was very similar
as for the higher eld of the present measurement (g. 1,
upper panel). In ref. [27℄ only the exitation energies of
15
C were given, and only the assignment of the doublet
at 6.84 MeV / 7.37 MeV was disussed. Now the widths
and ross setions are also given in table 1 (olumns 4
and 5) for all the eleven states between 6.84 MeV and
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Table 1. States of
15






















, ross setions d/d
 in the enter-of-mass system for the present measurement, widths and ross setions for




C) reation (see also Table 4 and sets. 4.4, 4.5) and, for































































6.35(2) <0.01 0.23(7)     6.358(6) (5/2) (7/2, 9/2)
+
6.84(2) 0.02(1) 3.8(7) 0.02(1) 2.40(15) 9/2
 
6.841(4) (11/2 , 13/2) (7/2, 9/2)
 
7.37(5) 0.03(2) 0.28(5) 0.05(3) 0.31(5) 7/2
 
7.352(6) (9/2 , 11/2) (9/2, 7/2)
 




) 8.47(15) (9/2 - 13/2)
9.75(2) 0.08(5) 0.90(5) 0.08(5) 0.79(8) (9/2
+
) 9.79(2) (9/2 - 15/2)
10.2(1) 0.15(12) 0.2(1) 0.15(8) 0.14(4) 10.25(2) (5/2 - 9/2)




) 11.02(3) (11/2 - 19/2)
11.8(8) 0.16(8) 0.33(5) 0.20(7) 0.37(6) 11.83(2) (13/2)
13.1(1) 0.30(8) 0.94(9) 0.30(6) 1.00(9) (5/2
+
)
13.8(2) 0.3(2) 0.38(5) 0.3(2) 0.31(6)
14.57(5) 0.14(5) 0.80(7) 0.08(4) 1.04(9) (11/2
+
)
16.0(2) 0.3(1) 0.40(5) 0.3(1) 0.38(6)
17.8(2) 0.4(2) 0.51(8)
19.0(2) 0.8(5) 0.56(4)
15.9 MeV. In the present experiment the measured an-
gular range is extended to smaller sattering angles until
3
o
(g. 1, upper panel). The ross setions are therefore
slightly dierent as ompared to the ones of the previous
measurement (olumns 3 and 5 in table 1).






C) reation has also
been performed at exatly the same magneti eld setting
needed for the spetrosopy of
17
C states (B= 0.9153 T).
The orresponding spetrum is shown in the entral panel
of g. 1. At this lower eld we nd two more resonanes: at
17.8(2) MeV and 19.0(2) MeV. With these measurements
at the two eld settings the
15
C spetra over a range of
exitation energies from the ground state up to 26 MeV
(g. 1).
At the higher eld settings (g. 1, upper and lower
panels) the spetra are free from ontamination lines from
oxygen, whih indiates, that the oxygen ontent in the
12
C targets is very small. Consequently, this is also true for
the measurements at the lower eld (g. 1, entral panel)
using the same
12
C target. Conerning ontributions from
the
13
C ontent (1.1 %) of natural arbon we an say, that




state at 4.14 MeV [27℄,
is observed in g. 1, upper and lower panels, only as one
single ount on the right side of the peak at 4.22 MeV,
therefore all other states of
16






C were known from other reations [34{
38℄ up to 11.825(20) MeV exitation energy. The ener-
gies of the states, whih we observed up to this value,
agree with the values from the literature within 30 keV.
As disussed in [27℄ the strongest line of
15
C in g. 1





























lated a fator of about ten more weakly.
In the analysis of the spetra the Breit-Wigner line
shape was folded with the experimental resolution (220 keV
for the
12
C target). The exitation energies displayed in
the three spetra of g. 1 were obtained in individual ts
of eah spetrum. Sine they show small dierenes, only
mean values are given in olumn 1 of table 1. These an
be ompared to values from the literature [34℄ given in
olumn 7. A small peak at 12.6 MeV ited in our previous
measurement [27℄ ould not be identied in the present
data, probably beause it is very weak and positioned on
the tail of the 13.1 MeV state. However, two other weak





and 10.2 MeV (5/2 - 9/2), ould be onrmed.
The widths obtained in both measurements (table 1)
agree well within the errors. Values of  
R
are known from
the literature [34℄ for most of the states up to 11.82 MeV,
and our values are in agreement up to 8.47 MeV, whereas
we nd larger widths for the states above.
Although the angular aeptane of the present mea-
surement inludes a range of smaller sattering angles (the
lower limit is at 3
o
) as ompared to the previous run (4
o
),
most of the ross setions agree within the error bars. How-
ever, in a few ases dierenes are observed. For the states
at 0.74 MeV, 4.22 MeV, 6.35 MeV, 6.84 MeV the ross se-
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C reation at 230.7 MeV. The
urves orrespond to oupled hannel alulations using the
ode Freso [33℄, whih are disussed in set. 4.4. Exitation
energies (in MeV), spins (multiplied by two) and parities, plot
fators PF used for the plot of the angular distributions on a
ommon sale and strength fators SF to normalize the alu-
lations to the data are given for eah state.
tions from the previous run are signiantly lower than the
ones obtained in the atual measurement, whih indiates
a rise of the angular distribution to forward angles.
Partial angular distributions have been obtained for
the seven exited states of
15
C at 6.84 MeV, 7.37 MeV,
8.45 MeV, 9.75 MeV, 11.05 MeV, 13.10 MeV and 14.57
MeV from the time-of-ight to sattering-angle orrelation
(see set. 2.1). They are shown in g. 2, and the analysis





















C reation after bakground subtration, and in the
entral panel the full spetrum is shown together with
a bakground spetrum resulting from the
12
C ontent
(11%) in the target. The latter spetrum was measured at





C target. This onerns the magneti eld
settings, kinematial orretions and angular aeptanes.
The spetrum is shown in the lower panel.
In the entral panel of g. 3 the very strong ontami-





an be seen, aording to the energy alibration, at about
200 keV above the expeted position of the
17
C ground
state. However, a peak of the
17
C ground state ould not
be identied, rst of all, beause the tail of the strong
15
C state overs this area, and also, beause another on-
tinuous bakground exists in the full measured exitation
energy range of the spetrum (see below). At the high-
energy tail of the strong
15
C state an additional line has
to be inserted at a position of 0.31(4) MeV to t this region
orretly. This is in agreement with reent results obtained
by Stanoiu et al. [20℄ and Elekes et al. [21℄ from in-beam
-spetrosopy, whih show a -transition at 331(6) keV in
17
C, whereas two results from transfer reations to bound
states of
17
C show slightly lower values around 295(20)
keV [14,15℄. The next higher-lying peak is a small on-
tamination line from the
15
C exited state at 7.37 MeV,
whih is well separated from the strong state at 6.84 MeV.











) (2p-1h) struture, whih
has been disussed already in the previous setion.
Above the 7.37 MeV state of
15
C the bakground from
the
12
C ontent in the target dereases almost to zero and
stays low for almost 1 MeV, before the 8.45 MeV state
beomes visible (see lower panel). However, in the entral
panel, this minimum is lled by another bakground on-
tribution, and suh a situation is observed also at several
other plaes in the spetrum. To t the
17
C spetrum in
the full exitation energy range it was neessary to in-
trodue in addition a at linear bakground indiated by
(2) in g. 3. The minima in the ounting rate of the
17
C
spetrum (entral panel) at exitation energies between
(i) 1.0 MeV and 1.8 MeV, (ii) 2.3 MeV and 2.8 MeV and
(iii) 3.6 MeV and 4.0 MeV reeive only very small on-
tributions from the
12
C bakground, therefore other on-
taminations in the target are responsible for the ounts
observed here. Sine the target has some ontent from
Z11 elements, we assume, that these produe a at and
smooth bakground, whih is approximated by the shown
line. This at shape an be expeted due to the very dif-
ferent kinematial energy dependene of the reations on
these heavier elements as ompared to
14
C. The normal-
ization of this bakground is obtained from the regions (i)
- (iii) mentioned above. As a onsequene also the nor-
malization of the bakground from the
12
C ontamina-
tion is determined, espeially through the
15
C states at










C reation we observe in
the
17
C spetrum at large exitation energies a three-









+ n. This three-










, where the reoil nuleus
16
C is exited to the
4
+
state at 4.14 MeV. This state reeives by far the largest
ross setion in the
16
C spetrum [27℄; states at lower exi-
tation energies are very weakly populated or not observed.
As an be seen in g. 3 (entral panel, line (3)), the three-
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C reation after bakground subtration of on-
tributions from target ontaminations. Central panel: The
spetrum as measured in the foal plane. The bakground (1)
from the
12
C ontent in the
14
C target is indiated by the
shaded area (olour: yan). The strong peak on the right or-




C at 6.84 MeV. The linear bak-
ground (2) results from target ontaminations with Z 11. The
broad distribution (3) on the left desribes the tted three-
body distribution for
9




(see set. 2.3). States of
17









C reation measured at exatly
the same onditions as for
17
C.
Table 2. States of
17









C at 231.3 MeV. The following entries
are given from left to right: No. of the state, exitation energy,
width (for a resonane), ross setion in the enter-of-mass sys-
tem, statistial signiane alulated from the full spetrum.







15℄, the in-beam -ray spetrosopy in oinidene with the
17
C beam partiles [20,21℄, and from the
17
B -deay [22℄ are





















No. [MeV ℄ [MeV ℄ [nb=sr℄ [℄
1 0.00   10( 5)  
2 (see lower part)
3 0.31(4)   50(30) 5.0
4 2.06(5) 0.25(10) 45(25) 3.8
5 3.10(2) 0.10(5) 300(20) 19.0
6 4.25(2) 0.14(8) 140(15) 17.0
7 6.20(3) 0.35(15) 110(15) 12.0
8 7.47(3) 0.58(10) 293(30) 13.8
9 8.85(5) 0.66(20) 220(30) 9.7
10 10.56(3) 0.30(10) 130(15) 12.2
11 11.71(5) 0.30(15) 72(15) 3.5
12 12.61(3) 0.45(20) 110(15) 5.5
13 13.70(5) 0.6(2) 160(20) 4.7



















1 0.00    
2   210(5)  




body bakground starts to rise at about 10 MeV exitation
energy and then remains almost at up to the end of the
observed exitation energy range.
In the analysis of the full spetrum Breit-Wigner reso-
nanes were introdued above E
x
= 0.73 MeV (the neutron
threshold). Positions, widths and normalizations were t-
ted together with the normalizations of the three die-
rent bakground distributions. In total twelve states of
17
C (state no. 3 - 14 in table 2) were identied. Their
exitation energies, widths, ross setions and statistial
signianes are given in table 2 together with the results
from Nolen et al: [14℄ and Field et al: [15℄, whih were











from Stanoiu et al: [20℄ and Elekes et al: [21℄, and from the
17
B -deay [22℄. We want to note at this plae, that in our
previous reports [39,40℄ about
17
C the values of exitation
energies were still preliminary and therefore slightly dier
in a few ases from the ones given in this nal analysis.
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ation measured at 216 MeV inident energy. Single-partile
states of
13
C with known spetrosopi fators of S = 0.6 - 0.7
[34,42{45℄ are marked by the hathed areas. The strong dier-
ene between the ross setions of the 1d5/2 state at 3.85 MeV
and the 2s1/2 state at 3.09 MeV is obvious. Indiated assign-
ments are taken from [34,43℄.
4 Disussion
In this measurement the states of
17
C are populated in
a diret three-neutron transfer reation on
14
C. It is well
known, that
14
C has a rather inert struture in its ground
state. The neutron (1p) shell is losed, only about 8%
partile - hole admixtures are found in the
14
C(p,d) re-
ation [41℄. Therefore it is expeted, that for the lower
lying states of
17
C the three neutrons are built into the










C as the ground state (1/2
+
) and the rst
exited state at 0.740MeV (5/2
+
), respetively, with spe-
trosopi fators S lose to one in both ases [37℄. The
1d3/2 single-partile strength in
15
C is loated at higher
exitation energy: it is a very broad resonane in
15
C at
4.78(10) MeV with a width of  =1.74(40) MeV observed
only in the
14





and also not in
13







C) reation, see g. 1).
In the following disussion about the struture and ten-
tative assignments of states we will use the well known
dependenies of ross setions in heavy-ion transfer rea-
tions on spin fators, angular momentum transfers and
the strength of the overlap integral between the satter-
ing waves in the entrane and exit hannels in a diret
3n-transfer. Due to the large negative Q-values, whih we




C) reation (g. 3), the wave
number of sattering waves in the exit hannel is very
muh dereased. Correspondingly the grazing angular mo-
menta L
gr;f
are lowered with respet to the value in the
entrane hannel, L
gr;i
. As a result a strong mismath of
the inoming and outgoing grazing waves ours in the
radial integral, its value and therefore the ross setion is
strongly redued, espeially for low-spin states. However,
the mismath is partially ompensated for nal states with
large spins, sine a large angular momentum transfer `
tr
is allowed in suh ases. This `-transfer helps to bridge the




. A high angular
momentum is typially obtained for strethed ongura-
tions (set. 2.2), where the three neutron orbits are ou-
pled to the maximum spin. The statistial spin fators of
the transition amplitude are then also large and the ross
setion is further inreased (see, e.g., [46℄ for more de-
tails). The transfer of neutrons into `=0 nal states leads
to small ross setions, whereas these are muh larger for
the transfer into `=2, j=5/2 orbits.









transfer reation (g. 4) illustrates these eets. It shows
the single-partile states of
13
C in the (sd)-shell as down-
ward hathed areas. The tremendous dierene espeially





partile states an be explained by the mathing ondi-
tions and spin fators, although the spetrosopi fators
are about the same [34,42℄ for the 1p1/2, 2s1/2, 1d5/2,
1d3/2 states, respetively. Therefore we an expet for
the three-neutron transfer, that nal states with ongu-
rations, where 1 - 2 neutrons were plaed into the 2s1/2
shell, are very muh suppressed, but they are strong with








As disussed in the previous setion, reations with large
negative Q-values favour the population of states with









C reation [27℄ (Q
0
=  38.79 MeV) we
ould assign in
15





, respetively. The 9/2
 













whereas for the 7/2
 
state the 1p1/2 neutron is oupled
anti-parallel to the 4
+
onguration. The ross setion of
the 9/2
 
state is a fator of about ten larger than the one
for the 7/2
 
state (table 1, olumns 3 and 5).















C reation [27℄, with three neutrons trans-
ferred to the 1d5/2 shell. The strethed onguration is












, and for the 4
 
state the 1p1/2 neutron is oupled anti-parallel. In this












C) reation has an even larger negative
Q-value, Q
0
= -46.930 MeV. Aording to the mathing
rules the strongest low-lying peak observed in the
17
C





onguration, without ore exitations. There is only
one andidate: the peak at 3.10 MeV exitation energy.
The 9/2
+
assignment for this peak is supported by fur-
ther arguments as we will see later. In the following the
disussion is ontinued with a systemati omparison of











C) three-neutron transfer reation.
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tral panel) [27℄ and
15
















C are shifted in exitation
energy by -5.82 MeV and -6.65 MeV, respetively, relative to
the sale of the
17
C spetrum (see sets. 2.2 and 4.5 for line
shapes). The lines onnet the strongest orresponding states
(table 3) of the isotopes and indiate the regular behaviour of
the distanes and strengths.





C as shown in g. 5, upper and entral panel, when




C with strethed (sd)
3









C at 8.92 MeV, are
aligned to eah other. The spetrum of
16
C is shifted for
this omparison by 8.92 - 3.10 = 5.82 MeV. In total nine
pairs of states up to the exitation energy of 12 MeV (for
17
C) are then simultaneously aligned (table 3). This om-
parison is limited at the high exitation energy side by
the end of the
16
C spetrum. In g. 5 the orrespondene
is indiated by the vertial lines for the eight strongest
states. The exitation energies of
16
C, after subtration of






C). These values agree well with the exitation
energies of
17






not larger than -0.17 MeV/+0.23 MeV for all the pairs in
this large exitation energy range.
This regular behaviour is obviously a lue for a om-
mon struture of the orresponding states. In fat, the
13
C
ore introdues for all the observed states of
16
C, on-
sidered here in this omparison, only a ommon shift of
5.82 MeV -0.17/+0.23MeV. Then the interpretation, that
this ommon shift is due to the neutron 1p1/2 hole in the
14
C ore, is onsistent with this observation. This must be
essentially the only dierene of the struture. The three-




C must be pratially the same pairwise to obtain suh
a high degree of onsisteny. The 3n-wave funtions mod-




C obviously very lit-
tle, partile-hole exitations of the ores seem to be weak.
This observation onrms the weak-oupling harater of
the interation between the ore and the three-neutron
ongurations populated by the diret transfer. This ha-
rater may hange, when at higher exitation energies a
ore exitation of the proton onguration to a 2
+
state





C. As already disussed, we expet smaller
ross setions for suh seond order proesses, although
at high exitation energies they probably beome more
important.





ontinues also for the widths of the resonanes, at least for
the pairs no. 2 - 6, the widths of both members are very
similar for these ve pairs (table 3, lines 6 - 7).
This similarity of the widths is not simply explained by







= 4.25 MeV for
16
C. In the neutron de-
ay of resonanes in
16
C there is an about 2.3 MeV larger
deay energy available as ompared to
17
C. For example,
the maximum deay energies for the members of the pair
no. 3 are: (3.10 - 0.73) MeV = 2.37 MeV for
17
C and
(8.92 - 4.25) MeV = 4.67 MeV for
16
C, the dierene be-
ing 2.3 MeV. When in both ases the neutron deay would
lead to the ground state of the daughter nuleus, and assu-
ming the same (sd)
3
neutron onguration in both mem-
bers, a larger width should be expeted for the
16
C reso-
nanes due to the larger deay energies as ompared to
17
C. However, this is not observed. It is neessary to take
the parentage between the neutron ongurations of the
(sd)
3
struture of the deaying state and the (sd)
2
stru-
ture of the nal state in the daughter nuleus into aount.
Sine more information about the struture of the partii-
pating states is needed, we postpone a detailed disussion
to set. 4.5. For the remaining higher-lying pairs (no. 7 - 9)
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Table 3. Comparison of exitation energies E
x








C) given in line 3 are ompared to the ones of
17

















C exitation energies. The widths
for the states of
17
C (line 6) and
16
C (line 7) are ompared and the ratios of ross setions are given in line 8. In the lower
ve lines the observed exitation energies of
15





- 6.65 MeV, and the widths
  (
15










C are marked as bold numbers.





































C) [MeV℄ -0.02 -0.14 0.00 -0.09 -0.17 -0.17 +0.23 +0.06 -0.13
  (
17
C) [MeV℄   0.25 0.10 0.14 0.35 0.58 0.66 0.30 0.30
  (
16



































C) [MeV℄ (-0.63) -0.30 0.00 0.15 +0.25 +0.45 +0.50 +0.59 +0.64
  (
15









C state at 6.11 MeV is observed in
14
C(t,p) reations [24,26℄.
the widths of the
16
C resonanes are even always smaller
than for the partner resonanes in
17
C by about a fator
of two.





C) for the pairs no. 2 - 6 (ta-
ble 3, line 8). The rst four pairs have an almost onstant
ratio of roughly 2.7 and the next pair of 1.5. Then, at
higher exitation energies, the ratio dereases for the next
pair to 0.6, but rises again to 1.6 at the end. The nearly
onstant ratio up to the pair no. 6 is shortly disussed in
the following in a qualitative way. Again this observation
may be understood on the basis of the same struture of





ration. The angular momentum dependent fators in the
three-neutron transfer reation are then the same for the
members (exept for the oupling to the ore) and they
drop out in the ratio of the ross setions.
The dynamial mathing onditions aet the ross
setion also in a omparable way. Besides the eet of the
angular momentum mathing [31℄ the dependene on the
linear momentum transfer and total Q-value of the om-
pared reations has to be onsidered. The ground state







C, respetively. However, when Q-
values for the orresponding states are ompared, they are







C at 2.06 MeV, 7.74 MeV, 8.45 MeV (no. 2, table 3),
the Q-values are -48.99 MeV, -47.22 MeV, -47.25 MeV, re-
spetively. This means, that their total binding energy is
approximately equal. Then also the grazing angular mo-
menta in the exit hannels, whih are relevant for the
dynamial mathing onditions, are approximately equal
for the three members and vary in a systemati way in
dependene on the exitation energy.
The orrespondene of states is further extended to
15
C as indiated in g. 5 by the (red) lines. Here the states
between 8.45 MeV and 19.0 MeV exitation energy are
onsidered. At the beginning of the sequene the partner
to the 6.11 MeV state of
16
C is not learly identied in
15





) [34℄, it is therefore listed in brakets
in table 3, line 9. Beyond the highest-lying member of this
group at 19.0 MeV, no further state is observed in the
15
C
spetrum up to 26 MeV. The exitation energies are om-
pared in detail in the lower part of table 3 to those of
17
C
by subtrating the onstant value of 6.65 MeV. Here the
dierenes show a systemati trend from -0.30 MeV at the
lowest-lying identied state at 8.45 MeV to +0.64 MeV at
the highest-lying state of 19.0 MeV (table 3, line 11). The










The strongest peak in the
15
C-spetrum above the well
known state at 6.84 MeV, whih has a neutron 2p-1h
struture, is found at 9.75 MeV. It learly orresponds to
the strongest peak in the
16
C spetrum (above 5 MeV)
at 8.92 MeV and in the
17
C spetrum to the state at






C the additional spin of the 1p1/2
hole of the
13





the strethed onguration. For the
15
C state at 9.75 MeV
we onlude from the orrespondene in exitation energy
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C states observed in this work, spin-parities (most are assigned tentatively) and experimental
exitation energies of
16
C states, experimental exitation energies and spin-parities for
17
C states (tentative assignments, see
text), SM-alulations for
17
C, known levels of
19
O, whih orrespond by their exitation energies and SM-struture to
17
C
states, and theoretial exitation energies of
19
O from Oxbash-alulation. For the SM-alulations of
17
C ve olumns are
given: J

, exitation energies E
x
, and the distribution of neutrons over the three j-levels 1d5/2, 2s1/2, 1d3/2 for eah state (see
also g. 6). Bold printed exitation energies orrespond to strong states. Exitation energies E
x





































































































































































































































































































































9.39 1.7 0.4 0.9
































To summarize this setion we onlude from the ex-





C over the energy range of more than 11 MeV, even
with a omparable population prole, that the orrespon-
ding states must have very similar three-neutron ongu-





This onlusion an be extended also to the disussed
states of
15
C: the tentative spin-parity assignments an






C, one the assignments have been made
for
17
C. We will use this argument later for the interpreta-
tion of the measured partial angular distributions of
15
C
states, where expliit ongurations have to be used in the
oupled hannel alulations.
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4.2 Shell model alulations for
17
C and omparison to
19
O
Shell model (SM) alulations had been performed al-
ready for the three lowest-lying states of
17
C by Warbur-
ton and Millener [16℄, whih restrited the spin assignment





. Later Ogawa et al. [19℄ used SM-alulations
to ompare the experimental g-fator of
17
C from their
measurement to alulated g-fators of dierent ongu-
rations. In this way they ould restrit the assignment for





We performed in this study shell model alulations for
17
C up to about 10 MeV exitation energy. The observa-
tions disussed in the preeeding setion strongly indiate,
that aording to the atual reation onditions essentially
(sd)
3
strutures are populated on a ore of
14
C. This ore
has a losed (1p) neutron shell with only small ontribu-
tions from ground state orrelations.
The latter aspet is very advantageous for theoreti-
al investigations of the [(sd)
3

 ore℄ strutures popu-















suh a lear situation is not expeted due to the hole-
ongurations in the neutron (1p) shell. In this approah





C levels to the known levels of
19
O,





O with a losed (1p) shell for neutrons and pro-
tons.
The SM-alulations have been restrited by the fol-
lowing onditions:





(2) ore exitations from the (1p) to the (sd) shell are for
neutrons very weak and have been negleted (the neutron
(1p) shell is losed),
(3) ore exitations for protons are allowed within the (1p)
shell: 2
+
states oupled from the one- or two-proton ex-





states from two-proton exi-
tations. Proton exitations from the (1p) to the (sd) shell
have not been inluded.
Odd parity states are not obtained for
17
C within these
onditions. Exitations to the (fp) shell are not onsidered
here, beause this would require alulations with a very
large onguration spae inluding the three major shells
(1p), (2s1d), (1f2p). Suh extended SM-alulations are
beyond the sope of the present paper.
The SM-alulations have been performed using the
ode OXBASH [47℄ with the 'psdpn' model spae and
single-partile energies and with the 'psdmwkpn' intera-
tion [12℄. In the alulations for
17
C we heked in a few
test ases the eet of (2p-2h) exitations from the neutron
1p1/2-shell to the (sd)-shell. We found that suh ontribu-
tions were very small, and in the further work the neutron
(1p) shell was assumed to be losed.
The results of the SM-alulations for
17
C are given
in table 4 together with the experimental results, and the
orresponding level diagram is shown in g. 6. The om-
plete set of levels alulated aording to the onditions
Table 5. States of
17
C with an exited proton onguration
within the (1p) shell obtained in the SM-alulations up to








. These states (exept 13/2
+
) are not listed in table 4
and are also not shown in g. 6. Proton oupanies are given

























7.44 3.01 0.95 2.3 0.4 0.3
9.92 3.00 1.00 2.4 0.4 0.2
3/2
+
8.16 3.11 0.86 2.2 0.5 0.3
9.34 3.08 0.88 1.9 0.8 0.3
5/2
+
8.50 3.08 0.88 1.7 1.0 0.3
8.85 3.22 0.74 1.7 0.7 0.6
9.05 3.00 0.97 2.2 0.5 0.3
7/2
+
6.10 3.05 0.91 2.0 0.6 0.4
9.01 3.12 0.85 2.0 0.6 0.4
9.68 2.91 1.06 2.0 0.8 0.2
9/2
+
7.56 3.02 0.95 2.3 0.5 0.2
9.68 3.02 0.95 1.9 0.9 0.2
11/2
+
9.50 2.93 1.04 2.1 0.7 0.2
13/2
+
10.17 2.94 1.03 2.8 0.0 0.2
(1) - (3) is given up to 9.5 MeV exitation energy in ta-
ble 4. In addition the lowest lying 13/2
+
state at 10.17




In table 4 the list of exitation energies obtained from
the SM-alulations follow the order of experimental ex-
itation energies of
17
C (as far as available, inluding our
results), taking already tentative spin assignments into a-
ount. Experimental exitation energies for levels of
19
O
with known spins and even parity [48℄ are given in the
seond last olumn of table 4 and in the last olumn the
result from the SM-alulations. These are ordered aord-
ing to the same ongurations as obtained for
17
C. In g. 6
the states of
19
O are onneted by lines with those of
17
C,
when the alulated oupanies in the three neutron sub-











struture ouple to spins in the range from 1/2 to 11/2 and
positive parity. In the weak oupling piture these ongu-
rations should be found in
19
O at low exitation energies,
sine
19
O has three neutrons outside the losed-shell
16
O
ore. Warburton [49℄ identied in SM-alulations, within
the exitation energy range up to about 5.3 MeV for the
experimentally known states of
19
O, those states, whih
have an (sd)
3
(3p-0h) struture (10 states). These are all
reprodued in our alulations for
19
O, in agreement also
with the experimental spin assignments given in [48℄ (see
table 4, the 10 states for
19
O below 5.4 MeV).
The oupanies of the SM-orbits 1d5/2, 2s1/2, 1d3/2





states, where the ou-
pany of the 1d5/2 shell is larger in
19
O by 0.4 units
ompared to
17
C, and for the 3/2
+
states at 4.32 MeV
in
17
C and 5.04 MeV in
19
O, all the entries in table 4 up
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Fig. 6. (Color online) Comparison of experimental level shemes of
17







C (this work and [34℄), and SM-alulations for
17
C using the ode Oxbash [47℄ for neutron (sd)
3
ongurations
(see also tables 4, 5, 6). The experimental level sheme of
16
C is shifted by 5.82 MeV to align the 5
 





C at 3.10 MeV, and the level sheme of
15
C is shifted up by 6.65 MeV for the orresponding alignment of the
9.75 MeV state to the same state of
17
C. In the level sheme of
19
O only states with even parity are shown, and the state at
6.47 MeV. Neutron thresholds are indiated on the left of the experimental level shemes.
to 9 MeV shown for
17
C also have about the same val-
ues of oupanies for
19
O, with dierenes only up to 0.2
neutrons in any of the three shells. Therefore these ou-
panies are not repeated for
19
O in table 4. At even higher
exitation energies the agreement of oupanies is not as
perfet, but the parentage of ongurations in both nulei
an still be reognized.
In the three-neutron transfer reation the ross se-
tions for populating (sd)
3
ongurations in ombination
with one-proton ore exitations to 2
+
ongurations are
expeted to be strongly redued due to the higher-order
proess. Therefore the states with suh ongurations are
listed separately in table 5. One an see, that these states
appear only above 7.3 MeV (one exeption: a 7/2
+
state
at 6.10 MeV). In general, the inlusion of onguration
mixing in the proton (1p) shell to the amount of typially
30-50% was important for all states to improve the agree-
ment between experimental and alulated level energies
(see ondition (3)).
We want to disuss now details of the results from the




state as the ground state of
17
C and then the 5/2
+
1
state reprodues the experimental order of these states
(g. 6). The reversed order in
19
O obtained in [49℄ is also






O alulated at an exitation energy
of 1.57 MeV (experimental value: 1.47 MeV [48℄) is shifted
down by about 1.2 MeV in
17
C and appears at 0.31 MeV
in the alulation, but experimentally it has not yet been
learly identied. The data obtained reently in the in-
beam -spetrosopy of
17
C [20,21℄ show besides a strong
line at 0.330(5) MeV, whih orresponds to the exitation
energy of the 5/2
+
1
state, a weak -line at 0.210(5) MeV,
whih results most probably from the -deay of the 1/2
+
1
state to the ground state.
The exitation energy of the 5/2
+
1
state found in the
latter measurements is loated at slightly higher energy
(0.330(5) MeV) as ompared to the value observed by
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Nolen et al. at 0.292(20) MeV [14℄, and Field et al. [15℄ at
0.295(10) MeV. We observe this state at 0.31(4) MeV and




our measurement a tentative (1/2
+
) assignment for this
state an be exluded by the argument, that the reation
mehanism would suppress a state with suh a low spin
and strong 2s1/2 omponent (table 4).
The next higher-lying state obtained in the SM al-
ulations, whih is loated at an exitation energy of 2.06
MeV, has the strongest oupany of the 2s1/2 shell (67%)
of all states of the present alulations. An extremely small
ross setion an be expeted for this onguration, and







C. The state no. 2 in table 4 observed at 2.06
MeV should therefore not be identied with this SM-state.
The alulated states of
17
C between 2.5 MeV and





state at 4.32 MeV and the 1/2
+
state at
4.78 MeV. At higher exitation energies up to about 10
MeV this strong 1d5/2 oupany dereases on the av-
erage. In the region above 4.7 MeV the 1d3/2 shell has
an inreased oupany of about one neutron in this shell
for most of the states. The 1d3/2 single-partile strength
is well known from
15
C as a broad 3/2
+
resonane at
4.78 MeV [38℄. In
17
C the main strength is obviously lo-
ated at slightly higher exitation energies.
The oupanies of the 2s1/2 shell are distributed over
the full range of alulated exitation energies, with utu-
ations between 0.1 and 1.1 units. The maximum is reahed






O at 2.06 MeV
and 5.29 MeV, respetively, with 1.3 neutrons in the 2s1/2









omponent in the wave funtion. The state
in
19
O may be identied with one of the lose-lying ob-
served 5/2
+







O idential oupanies in
all three shells, but the exitation energy alulated for
17
C is muh lower. It seems to be a general feature, that
the exitation energies of states with strong 2s1/2 on-










C and for most of the pairs of states,
whih show this behaviour in the alulated diagrams in
g. 6.
It is interesting to understand from the SM-alulations
more details about the struture of low-lying states of
17
C, i.e., about onguration mixing. In table 6 the de-





is given. The oupanies of the
neutron 1d5/2, 2s1/2, 1d3/2 shells are shown expliitely
for the main three-neutron oupling terms in ombination
with the proton ongurations. The latter are denoted by
4, 3, 2 haraterizing the number of 1p3/2 protons in
the wave funtion. For all states in table 6 the 4 on-
guration is by far the strongest with about 70% ontri-
bution, whereas the 2
+
exitation (3) varies only from
9.4% to 14.2% and the ontribution from the two-proton
exitations to the 1p1/2 shell (2) is always smaller than
Table 6. Shell model ongurations for the lowest lying
states of
17
C with spins and even parity J

obtained in SM-
alulations using the ode Oxbash [47℄. The three-neutron
ongurations are speied in olumn 5 by the perentage of
the dierent terms ontributing to the ongurations of the
state with oupation numbers in the three shells 1d5/2 (o-
lumn 6), 2s1/2 (olumn 7) and 1d3/2 (olumn 8). In olumn
3 the proton part of these terms are denoted by 4, 3, 2



















, respetively, and their perentage is
given in olumn 4 as the sum of the orresponding neutron












0.312 4 72.1 65.0 2 1
5.4 1 2
1.7 1 1 1
3 12.3 9.9 2 1
2.4 3





0.000 4 70.4 32.2 3
30.7 2 1
2.0 2 1
5.5 1 1 1
3 9.6 5.6 3
4.0 2 1










3 9.4 5.3 3
1.9 2 1
2.2 2 1






2.588 4 76.9 65.2 2 1
7.4 1 1 1
3.1 2 1
1.2 1 2
3 10.1 2.8 3
1.5 1 2





2.995 4 72.6 39.0 3
15.7 2 1
10.0 1 1 1
7.9 2 1
3 13.0 6.1 3
2.3 2 1
2.1 1 1 1
2.5 2 1
2 11.4 6.2 3
2.2 2 1






6.840 4 67.6 67.6 2 1
3 14.2 9.1 2 1
2.7 2 1
2.4 1 1 1
2 9.4 9.4 2 1
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11.5%. But with inreasing exitation energies also the
perentage of ore exitations inreases.
A single dominant onguration of neutrons is obtained






(table 6). These three states have a relatively
simple struture, where the main term has a strength
of 65%: no proton ore exitation (4), two neutrons in







and the third neutron in the 2s1/2 shell for the two for-
mer states and in the 1d3/2 shell in the latter ase to

































As pointed out already, the spin 11/2 an be reahed
with three neutrons in the (sd)-shell only by this oupling,
other ongurations without proton ore exitations do
not exist in that ase. For the seond 11/2
+
state it turns








tion has a strength of almost 90%. Suh a strong ore exi-
tation shifts the exitation energy higher up to 9.50 MeV
(table 5).




states a lear domi-
nane of the (1d5/2)
3
onguration is found (table 6),














onguration (39%). The next largest terms









guration with 18.8% for the 5/2
+
state, and for the 9/2
+

















exitation energies terms with the 1d3/2 shell beome
stronger.
Most interesting is the detailed struture of the
17
C
ground state as a result of the SM-alulation. As one an
see from table 6, the 3/2
+
1
state reeives only very small
ontributions from the 1d3/2 shell, about 7.5%. The main
omponents are oupled from the 1d5/2 and 2s1/2 shells






















This result has been obtained already in [6℄. In these
terms two of the three neutrons have to be oupled to
2
+










C the orresponding 2
+
states
with these ongurations are identied at 1.77 MeV and
3.98 MeV, and the 4
+
state at 4.14 MeV [25℄. The next
terms with proton ore exitations (table 6) add about
10% more strength to both neutron ongurations. These
SM-results for the
17
C ground state are in very good agree-
ment with the experimental results obtained from one-
neutron-removal reations measured in oinidene with
-transitions in
16
C by Maddalena et al. [6℄ and Datta
Pramanik et al. [7℄.
Finally we want to disuss shortly (4p-1h) strutures
of odd parity in
17
C and orresponding (2p-1h) stru-
tures in
15








C reation only by a seond-order proess via the
(1p-1h) ore exitations of
14
C, whereas the latter are
diretly aessible in the 3n-transfer on
12
C. However, the
lowest-lying odd-parity states in
15
C with this struture,
whih are loated at 3.103 MeV (1/2
 
), 4.22 MeV (5/2
 
)
and 4.66 MeV (3/2
 
), are extremely weakly populated
(g. 1, lower and upper panels). Then the strutures in
17
C must be populated even with smaller strength due to
the required higher-order proess of the ore exitation.
We performed SM-alulations for states of
17
C with
odd parity and obtained exitation energies and spins for





; and 4.52 MeV, 3/2
 
. These states have indeed a
(4p-1h) struture with a hole in the 1p1/2 neutron shell,
and they orrespond most probably to the three states
observed in the -deay of
17
B [22℄ (see set. 1 and table 2,
lower part). Therefore we suggest the following tentative
assignments for the observed states [22℄:
(2.25 MeV), (1/2
 
); 2.64 MeV, (5/2
 
); 3.82 MeV, (3/2
 
).





In this setion we want to summarize the tentative assign-




(i) the sensitivity of ross setions on dynamial mathing
onditions for spei ongurations in ombination with
results from SM-alulations;
(ii) the systemati agreement of exitation energies be-







onstant shift) and of further properties of these states;





taking experimental data and SM-alulations into a-
ount.





C in several respets, we will inlude also
the orresponding
16
C states in the disussion for the





(3p-0h) onguration there exists in
16
C a doublet
of states with a (3p-1h) onguration, where the neutron
1p1/2-hole in the
13
C ore ouples with parallel and anti-
parallel orientation to the spin of the (sd)
3
onguration.
The parallel spin oupling to J
max
is muh more favoured
by the dynamial mathing onditions ompared to the
anti-parallel oupling. Therefore only the state and as-




, (not observed in this reation)
The struture of the ground state of
17
C has been dis-
ussed already in the previous subsetion and in onne-
tion with table 6. Only a small ross setion is expeted





and the 2s1/2 or 1d5/2 neutron. A peak ould not be iden-
tied in the spetrum.
0.21 MeV, (1/2
+
), (not observed in this reation)
In the in-beam -spetrosopy of
17
C two -lines were
found [20,21℄: a weak line at 0.210(5) MeV and a strong
line at 0.330(5) MeV. The latter is identied as the strong
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state at 0.292(10) MeV in refs. [14,15℄ and at 0.31(4) MeV
in our data. In the region of partile-stable states three







. Sine the latter two assign-
ments are given to the
17
C ground state and the 0.31 MeV
state, respetively, only this state at 0.21 MeV remains for
the tentative 1/2
+





very small ross setion is expeted for a 1/2
+
state and, in
fat, it is not observed. A orresponding weak peak would
be hidden in any ase in the tail of the stronger peak of
the 5/2
+
state at 0.31 MeV.
0.31 MeV, 5/2
+
This state is the third partile-stable state of
17
C (be-
sides the ground state and the 0.21 MeV state), all other
states at higher exitation energies are lying above the
neutron threshold (S
n
= 0.73 MeV) and are therefore un-
bound. The strength of the peak in our spetrum indi-
ates a strong population of 1d5/2 orbits by the trans-
ferred neutrons. However, the 0.31 MeV state is not the
strongest state in the spetrum (this would have been a





reation). Therefore we expet a oupling to a lower spin,
5/2
+
. Other reations [14,15℄, where
17
C is deteted as
outgoing partile and therefore only bound states an be
observed, also nd a strong state at about the same exi-
tation energy (table 2). The shell model predits (besides
the 3/2
+
ground state and a 1/2
+
state at 0.31 MeV) the
lowest-lying 5/2
+









O is the ground state. These arguments support
the 5/2
+
assignment of this state.
The orresponding partner state in
16
C (table 3) is
most probably the state at 6.11 MeV observed by Fortune







). From our results we would restrit this to
(3
 
















Using the results of the SM-alulations as a guide
line at low exitation energies there are only two possi-





SM-states at 2.59 MeV and 2.79 MeV, respetively.
A further 5/2
+
SM-state at 2.06 MeV is expeted to be
"invisible" in our reation due to its very large (2s1/2)
2
omponent in the wave funtion. The orresponding state
in
19
O with the same alulated (sd)
3
struture is loated
at muh higher exitation energy (experiment: 4.71 MeV,







O at 2.78MeV and 3.07MeV, respetively.








C the orresponding partner state is found ex-
perimentally at 7.74 MeV (tables 3, 4, and ref. [27℄). The




) ongurations disussed for
17




C allows a range of pos-




. In ref. [27℄ oupled-
hannel alulations have been performed for partial an-







, and a preferene for 3
 
was dedued. We inlude also
4
 
for a tentative assignment of this state, based on the
parallel oupling of the 7/2
+










assignment of this state is based on several
arguments. First of all the peak has the largest ross se-
tion in the spetrum, whih indiates learly a strethed
three-neutron (1d5/2)
3
onguration. We reall that for
the same reason the 8.92 MeV state in
16
C had been as-
signed as 5
 





C at 3.00 MeV, almost at the ex-
perimental value. Third, in
19
O the theoretial and ex-
perimental values of the lowest 9/2
+
state are found at









This narrow and well separated state is diÆult to as-
sign only from arguments dedued from the SM-alula-








be taken into aount, with a preferene for the higher spin
states with strong (1d) shell oupanies. In
19
O states
with orresponding struture are observed at 3.15 MeV
for the 5/2
+
and at 5.38 MeV for the 9/2
+
states. The
latter state is assigned (9/2 - 13/2) in the literature [48℄.
The orresponding state in
16
C at 9.98 MeV reeives





10.39 MeV state, whih is the anti-parallel oupling part-
ner in
16








There is a gap of almost 2 MeV between this state and
the losest lower-lying state, whih seems to be related
to a hange in the struture. In fat, the SM-alulations
show now a muh stronger oupany of the 1d3/2 shell
with about one neutron on the average (table 4). This is
true for a number of states in this region up to the spin
11/2. Aording to the smaller observed ross setion we
suggest an assignment of (5/2
+
). From the two 5/2
+
states
in the region around 6.20 MeV the state at 6.68 MeV
is the best andidate, beause it has oupanies of two
neutrons are in the 1d5/2 shell and almost one neutron in
the 1d3/2 shell, whereas the SM 5/2
+
state at 6.68 MeV
has muh less strength in the 1d5/2 shell. The state in
19
O
with approximately the same SM-onguration is found at
7.10 MeV (g. 6).
The ross setions of the orresponding doublet in
16
C
at 11.85 MeV and 12.54 MeV dier by a fator of three
[27℄, whih emphasizes again the importane of the orret
hoie for the ongurations of these states. The 11.85MeV
state is therefore tentatively assigned as (3
 
) with the





), and the 12.54 MeV
state as (2
 
), beause it may be the oupling member of
the latter onguration with anti-parallel spin orientation.








This strong resonane has the seond largest ross se-
tion (table 2) observed in the
17
C spetrum (g. 5), it
must have a strethed onguration with high spin. It is
also situated within the region of states, where the SM-









a maximum spin of 11/2
+
. In the SM-alulations the
lowest-lying 11/2
+
state is predited at 6.84 MeV (ta-
ble 4), not far from the experimental exitation energy.





O the rst 11/2
+
state is found in
the present SM-alulations at 7.11 MeV, and the (7/2 -






O reation [50℄ is in agreement with this. In
16
C the oupling of the 1/2
 
ore to the strethed 11/2
+





the orresponding state at 13.12 MeV.
8.85 MeV
For the assignment of this state only arguments de-
dued from ross setions and from the omparison of ex-
perimental exitation energies to the results of the SM-
alulations an be used. We assume that at these higher
exitation energies only states with higher spins an be ob-
served in this reation. The SM-alulations predit two
9/2
+
states nearby at 8.61 MeV and 9.27 MeV, there-
fore this spin-parity is suggested as the most probable as-
signment. The orresponding state of
16
C is observed at
14.90 MeV (table 3).
10.56 MeV
No expliit assignment is given for this state in ta-
ble 4. The best andidate from the SM-alulations is a
13/2
+
high-spin state at a alulated exitation energy of





, onguration and a proton 2
+
ore-
exitation. In a weak-oupling model an exitation energy
of E
x
= 3.10 + 7.01 MeV = 10.11 MeV would be expeted








C, oupled to 13/2
+
. The relatively strong population
of this state would be in agreement with the assignment
of the high-spin value.
11.71 MeV and higher
Assignments for this state and higher-lying states are
not given in table 4, beause the identiation of their
struture is diÆult due to the larger variety of possible
ontributing ongurations at these high exitation ener-
gies. Nevertheless, we still nd for this state the orres-
ponding partner states in
16
C at 17.4 MeV and in
15
C at
19.0 MeV, whih follow the same regular behaviour of ex-
itation energies as disussed in onnetion with table 3.
A ommon struture of (sd)
3




C states at 12.61 MeV, 13.70 MeV and 16.3
MeV no orresponding partner states of
16
C ould be ob-
served due to the limited exitation energy range, whih
was measured only up to 18 MeV. For
15
C the experimen-
tal spetrum extends up to 26 MeV, but no further state
is found above 19 MeV.
4.4
15
C assignments and angular distributions
For
15






C) reation was disussed so far only with a few remarks.
However, from the onsistent interpretation of the stru-




C and from the observation,
that approximately the same regular behaviour ours for
the
15
C states listed in table 3, it is onluded, that these
states also have a partile-hole struture with three neu-





C. In this ase the ore has two holes





C. The assignments proposed for
17
C should
therefore also apply to the
15
C states with the orrespon-
ding struture (table 3), they are given in table 4.
Further support for the assignments of
15
C states an
be dedued from the analysis of angular distributions ob-









reation (lower panel of g. 1). The partial angular distri-
butions obtained for seven exited states of
15
C are shown
in g. 2 together with oupled hannel alulations per-
formed with the ode Freso [33℄ aording to the ou-
pling sheme of g. 7. Here we used, exept for the rst
two states at 6.84 MeV and 7.37 MeV, whih have a (2p-
1h) struture and odd parity [27℄, the (sd)
3
ongurations
with the main omponents and assignments as disussed
for the orresponding states of
17
C. In this way the on-
sisteny of the tentative J

assignments given in table 4 is
heked.
The three-neutron transfer is treated in these alu-
lations as a two-step proess with a one-neutron transfer
to
13
C states in the rst step and a two-neutron transfer
to nal states of
15
C in the seond step and vie versa,
with the two-neutron transfer to states of
14
C in the rst
step and the one-neutron transfer in the seond step. In
this way always two transition amplitudes are obtained for
eah nal onguration. The transition amplitudes of both
transfer branhes are added oherently for the alulation
of the ross setion.










is alulated using Woods-Saxon form fators
f
r;i











Only main ongurations were inluded for the in-
termediate states: the single-partile states of
13
C (ex-
itation energies in brakets): 1p1/2 (0.00 MeV), 2s1/2
















(6.73 MeV). These are given in the lower part
of table 7 as parts of the full ongurations.

































































































C reation used in the oupled-hannel






Expeted values of strength fators SF, whih repre-
sent the produt of the spetrosopi fators in the pro-
jetile and target systems, are of the order of one and an
be estimated as follows (values were partly taken from Co-



















































































, j=0,2,4℄ g  0.2 1.0
For the other single-partile states of
13
C the spetrosopi







The same fators are used for the transition amplitudes
of the 2n-stripping via
14
C states in the rst step and the
1n-stripping in the seond step, and the oherent sum of
both transition amplitudes is alulated.




When the two transition amplitudes have about equal







up to four an be gained for the nal ross setion in ase
of a onstrutive interferene. In this ase the strength
fator SF, whih is needed for the t of the experimental
Table 7. Exited states of
15
C, for whih partial angular distri-
butions (g. 2) have been analyzed in terms of oupled hannel
alulations. The following entries are given from left to right:
exitation energies, spin-parities, ouplings and strength fa-
tors SF (see text), exitation energies of orresponding states
of
17





































































































































ross setion, is redued by this fator (up to four) with
respet to the estimate for a single transfer branh.





C at 6.84 MeV (upper part of table 7),





and seond transfer step in the rst transition branh in
this order (upper part of g. 7), and vie versa for the
seond transition branh (lower part of g. 7). In fat,
the ross setion is redued by a fator between three and
four, when the rst or the seond branh is swithed o in
the alulation. The interferene eet therefore explains
the relatively small strength fator of SF= 0.1.
We tested also a further possible ontribution for the




oupling and in reverse order for the seond branh. How-
ever, the resulting ross setions are a fator of ninety





pling and an be negleted in the alulation.
The 7/2
 





blet at 7.37 MeV with anti-parallel oupling of the 1/2
 
neutron hole to the 4
+
two-neutron onguration has an
about a fator of ten lower experimental ross setion,
whih is also observed in the alulation (with an addi-
tional redution fator of eight). This shows that the ross
setions are rather sensitive to ongurations and interfer-
ene eets.
In the lower part of table 7 results are given for the
ve states of
15
C at 8.45 MeV, 9.75 MeV, 11.05 MeV,
13.1 MeV, 14.57 MeV, whih are onsidered to have ap-
proximately the same three-neutron ongurations as the
orresponding states of
17
C at 2.06 MeV, 3.10 MeV, 4.25
MeV, 6.20 MeV, 7.47 MeV (table 3).
For the 8.45 MeV state two options for the assignment
were dedued from the orrespondene to
19
O states and
from the SM alulations (table 4), namely 3/2
+
with a




















the oupled hannel alulations only these main ompo-
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The orresponding alulated angular distributions of
the 8.45 MeV state are shown in g. 2 as dashed and solid
lines, respetively. The data indiate a minimum in the
angular distribution at about 11
o
, whih is reprodued
by the angular distribution for the 3/2
+
onguration.
The normalization fator SF = 3.5 is also still aeptable.
But the error bars of the data points are rather large and
do not exlude ompletely a (7/2
+
) assignment, although
this angular distribution has only a smoothly deaying









Li,p) reation at 20 MeV inident energy for this
state (at E
x
=8.495 MeV in ref. [35℄) a range of spin values
from (9/2) to (13/2) from ross setion systematis. From




A similar situation is met for the interpretation of
the angular distribution of the
15
C state at 11.05 MeV,





the disussion above. The spin-parity 9/2
+
is obtained
















oupling is assumed for
the 5/2
+
assignment. We dedue from the strength fators
a preferene for 9/2
+
, beause the orresponding fator of
SF=0.9 agrees well with the preditions, while the fator
for the 5/2
+
onguration is rather large (SF=9). An even
muh larger value (SF=44) is obtained for the strength
fator of the next state at 13.10 MeV, whih is assigned
tentatively as 5/2
+









guration (ompare table 4). The large disrepany may
be related to the anti-parallel oupling of the disussed
onguration. We have seen already for the 7/2
 
state at
7.37 MeV a strong redution of the alulated ross setion
due to this eet.


















at 14.57 MeV are well repro-
dued by the alulations (g. 2). Also the strength fators
SF=1.7 and SF=0.35, respetively, are in good agreement
with the expetations. The state at 9.75 MeV was assigned
by Garrett et al. [35℄ as (9/2 - 13/2). From our analysis
we obtain (9/2
+
) as the most probable assignment.
4.5 Deay properties and widths
The strutures, whih are populated in
17












C) reation populates the




The (3p-0h) resonanes of
17
C deay by one-neutron
emission to (2p-0h) states of
16
C. These are well known
from (t,p) reations [24{26℄. The same applies to the neu-





C, whih are also known from (t,p) reations
[36℄. And it is lear, that the neutron-deay of (3p-2h)
states of
15
C leads to states of
14
C with (2p-2h) hara-
ter, whih are disussed in refs. [25,32℄. The regularities
observed for the widths, as demonstrated in table 3, are
related to the parentage of the strutures between the pa-
rent and daughter states of the deay.
The orresponding neutron deays are shown in g. 8.
Here the level sheme of
16
C is shifted up to align the
ground state of
16
C with the one-neutron threshold of
17
C









t to possible deay branhes, whih are relevant for the






) the neutron is emitted with the quantum numbers of
its shell-model orbit j

















pending on its shell-model state 2s1/2, 1d3/2, or 1d5/2,






t. The transitions are speied in table 8, where the ini-
tial and nal exitation energies and spin-parities, respe-






, are given. The former is dened by
























The deay is restrited in addition by the onditions, that





the deay angular momenta ` and j, is non-zero and, that







, used formerly in the eqs. (1)-(3) for




















in this more general formulation. The daughter nuleus





) is onsidered as the ore for
the neutron deay, the deay energy is orrespondingly
redued.





for the neutron deay
to the ground state or to an exited state of the daughter
nuleus, respetively, an be ompared in olumns 4 and 8
of table 8. The dierenes are rather large in many ases.
The eet on the line shape is shown in g. 5, where the






is used in gs. 1 and 3.
For low deay energies E

R
, espeially for the
16
C re-
sonanes no. 2 and 3, the tails of the resonanes at the
high exitation energy side are more extended due to the
dierent energy dependenes of the penetrabilities. How-
ever, the resonane positions agree within 10 keV with
those obtained in the rst analysis (gs. 1 and 3), and the
widths are the same.
In some ases deay branhes to two dierent nal
states are given in table 8 (see also g. 8). These are the
states at 6.20 MeV for
17
C, 9.98 MeV and 12.54 MeV for
16
C, and 13.1 MeV and 14.57 MeV for
15
C.
We disuss now a few details in the deay sheme of




C at 3.10 MeV is expeted to





C by the emission of a neutron



















3/2   +
9/2    +
 −(3  )
 −(6  )
 −
 −(4  )
 −(5  )
(5/2   )
    +
    +
α α




1/2   +
1/2    −
5/2    −
3/2    −
1/2    −5.87
(9/2  )   +
(5/2 , 9/2  )
7/2    −
















 −(1 , −3  )
 −
     +(7/2   )(5/2   )
(5/2   )
(5/2   )
(11/2  )     +
(11/2  )     +
−  −2 ,4  )
 −(2 , −4  )
−5



























































     +
     +
    +      +
    +
   +
     +
     +
     +


















C proposed from the
systematis of exited states and from the interpretation of their widths given in table 8. Only the relevant levels are displayed.






C with (3p-xh) (x= 0, 1, 2, respetively) neutron ongurations













C, respetively. Note the









with the orbital angular momentum `=2, beause it has
a dominant (1d5/2)
3
onguration. The deay to the 0
+
ground state would inrease the deay energy. But then a
deay orbital angular momentum of `=4 is required and
the high entrifugal barrier redues this deay branh very











C at 7.47 MeV is situated about
1.3 MeV above the three-neutron threshold and has an
experimental width of  
exp
= 0.5(1) MeV. The deay to
the state at 6.11 MeV in
16
C, whih was assigned ten-
tatively as 3
 
, will not t, beause the latter state has
a (3p-1h) onguration, as disussed in onnetion with
the 0.31 MeV state in
17
C, but a (2p-0h) onguration
is needed as nal onguration. Aording to the SM-









guration for the 11/2
+






state by the emission of a 1d3/2 or
1d5/2 neutron is most probable. As shown in g. 8, this
deay leads to a partile-stable state of
16
C, whih pre-
vents further partile deays, although the deay started
above the 3n-threshold. The same onditions are met not
only for the next lower state of
17
C, but for all lower-lying
states: already the one-neutron emission leads to states of
16
C, whih are partile-stable. The one-neutron deay de-
termines the widths, if the deay branhes of simultaneous
emission of two or three neutrons an be negleted.
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C (entral part) and
15
C (lower part). For eah deay branh the
exitation energy E
x;i











of the nal state is speied. Then the resonane energies E

R
with respet to exited states at E
x;f
in the daughter nuleus
are given aording to eq. (6) and the deay sheme of g. 8. From the measured widths  
exp




are alulated aording to eq. (8) assuming deay `-values from `=0 to `=3, these results and the relative error in perent
are given in the next following ve olumns. The states are numbered in olumn 2 in the same way as in table 3, states of the




























Deay No. [MeV℄ [MeV℄ [MeV℄ [MeV℄ [MeV℄ `=0 `=1 `=2 `=3 [%℄






1.33 0.25(12) 0.085 0.12 0.37 3.06 50
17






0.60 0.08(4) 0.041 0.08 0.55 12.1 50
!
16










1.75 0.14(7) 0.042 0.06 0.13 0.77 50






2.44 0.35(15) 0.088 0.11 0.21 0.80 40
3.98 2
+
1.49 0.35(15) 0.113 0.16 0.43 3.06 40






2.60 0.58(10) 0.122 0.15 0.31 1.00 20








0.39 0.15(4) 0.094 0.24 2.69 97.0 20
16






0.45 0.04(2) 0.023 0.06 0.52 160 50
!
15















1.07 0.12(3) 0.046 0.07 0.26 2.88 25






1.73 0.22(4) 0.066 0.09 0.21 1.27 20











1.45 (0.2(1)) 0.065 0.09 0.26 1.92 50








2.03 0.40(10) 0.110 0.14 0.30 1.48 25








0.019 0.04 0.24 4.80 50
15








0.013 0.05 1.03 69.0 70
!
14










1.51 0.10(5) 0.032 0.05 0.12 0.86 50






2.13 0.30(8) 0.081 0.11 0.22 1.00 30
10.43 2
+
1.45 0.30(8) 0.098 0.14 0.39 2.91 30










2.15 (0.3(2)) 0.081 0.10 0.21 0.97 67






1.62 0.13(5) 0.040 0.06 0.14 0.92 40
10.74 4
+
2.61 0.13(5) 0.032 0.04 0.07 0.26 40
a
[34,35℄
We have alulated from the widths  
exp
, whih were
obtained from the analysis of the spetra, the experimen-
tal values of redued widths 
2
`;exp
aording to eq. (8) for













C (see upper, entral and
























ited states aording to eq. (7) is indiated expliitly in









). The penetrabilities are alulated at
a hannel radius of 6 fm (as before) using the deay ener-
gies at resonane E

R
given in table 8, olumn 8.
The redued width 
2
`;exp
represents the physial quan-
tity of interest for struture information. The values ob-
tained for `=2 deays from
17
C states range from 0.13 to
0.55 in good agreement with expetations, whereas those
for `= 0 are very small. Assuming `= 1 for the neutron de-
ays results also in rather small values, but anyway, (1p)
shell ongurations are most probably not populated in
17
C in the present reation, as disussed above. The val-
ues of the redued widths for deays of
17
C with `= 3 are
utuating strongly (table 8) due to the stronger sensi-
tivity of the penetrability at these low deay energies to




are not very reliable, although in some ases
deays with `= 3 might not be ompletely exluded. But
further arguments from the general systematis and the
SM-alulations support denitely a preferene for deay
angular momenta of `= 2. The values for deays with `= 4
(not shown in table 8) are always by far too large, they
are an order of magnitude larger than the ones for `= 3.
The alulations for the deay of
16
C states have been
performed in the same way as for
17
C. Here we onsider
the neutron deay of (3p-1h) strutures to states of
15
C
with a (2p-1h) struture (g. 8). The redued widths show
a similar good agreement for `= 2 deays, exept for the
7.74 MeV state, where the redued width is too large by at
least a fator of ve. This is obviously related to the steep
energy dependene of the penetrability near the threshold.
The deay energy at resonane, E

R
, has a value of only
0.39 MeV for this state. The larger width  
exp
may be ex-
plained assuming ontributions also from an `= 0 (2s1/2)
deay omponent in the wave funtion in addition to `= 2.
The next state at 8.92 MeV has a similar small value
of the deay energy E

R
= 0.45 MeV, but also  
exp
is small
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tron onguration aording to the struture of the or-
responding state in
17
C and therefore expet an almost




= 0.52 MeV is in very good agreement with
the expetations in this ase.
All the (3p-2h) resonanes of
15
C analyzed in this mea-
surement have very similar values for the redued widths
as ompared to the orresponding (3p-0h) resonanes in
17
C. This result shows that the deays from the (1d) neu-
tron orbits are the dominant omponents in most ases,








C above the neutron threshold have





C) three-neutron transfer reation on
14
C.









C targets. The ini-
dent energy in all ases is 19.2 MeV/u. The large negative
ground state Q-values of about -40 MeV and the dynami-
al reation onditions impose strong and seletive math-
ing onditions for the population of nal states. In this









shows the surprising result, that the exitation energies
of almost all states observed in
17
C agree with exita-
tion energies in
16
C [27℄ within variations of the dieren-
es of only -0.17/+0.23 MeV, when a onstant oset of
5.82 MeV is taken into aount. The situation is simi-
lar for
15
C states populated in the three-neutron transfer,
where the variations are somewhat larger, and the mean
oset is 6.85 MeV.
Most of these states are partile-unstable and there-
fore are desribed as Breit-Wigner resonanes. Also the
widths of the orresponding states and the relative ross
setions show a similar regular behaviour as the exita-
tion energies. These results an be well understood in the
weak oupling model: the transferred neutrons are plaed
into (sd)
3
ongurations and the target nulei beome the
ores of the strutures, in aordane with the popula-
tion mehanism of a diret three-neutron transfer. These
strutures are onrmed by SM-alulations and also by
omparison to states of
19
O with orresponding struture.














C with known (2p-xh) on-
gurations [24{27,32℄ have been proposed (g. 8). The de-
ay energies from the parent to the orresponding daugh-
ter states are in this ase muh smaller than for the deay
to the ground state of the daughter nuleus. Using these
deay energies in the alulation of the penetrabilities for
the neutron deays, experimental values of redued widths
have been obtained from the measured width parameters.
The alulations have been performed for a variety of de-
ay `-values to show its sensitivity on the deay angular
momentum `. For
17
C in almost all ases the best agree-
ment with expeted values for the redued widths, whih
are in the range between 0.1 MeV and 0.6 MeV, is ob-
tained for ` = 2 deays, whih onrms the dominant po-
pulation of 1d-ongurations in
17
C. Small admixtures of
` = 0 ontributions have to be assumed in some ases.
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